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doi:10.1016/j.ejvs.2010.06.002Abstract Objectives: To assess the reliability and applicability of duplex ultrasound scanning
(DUS) of lower limb arteries, compared with digital subtraction angiography (DSA), in patients
with peripheral arterial disease (PAD).
Design: A prospective, blinded, comparative study.
Materials and methods: A total of 169 patients were examined by DUS and DSA. Intermittent
claudication (IC) was present in 42 (25%) patients and critical limb ischaemia (CLI) in 127 (75%)
patients. To allow segment-to-segment comparison, the arterial tree was divided into 15
segments. In total, 2535 segments were examined using kappa (k) statistics to test the agree-
ment.
Results: The agreement between DUS and DSA was very good (k> 0.8) or good (0.8 k> 0.6) in
most segments, but moderate (0.6 k> 0.4) in the tibio-peroneal trunk and the peroneal
artery. Agreement between the two techniques was significantly better in the supragenicular
(kZ 0.75 (95% confidence interval (CI): 0.70e0.80)) than in the infragenicular segments
(kZ 0.63 (0.59e0.67)) (p< 0.001). Similarly, the technical success rate was significantly high-
er in the supragenicular segments (DUS: 100%; DSA: 99%) than in the infragenicular segments
(both 93%) (p< 0.001). DUS was the best technique for imaging of the distal crural arteries
(92% vs. 97%; p< 0.001) and DSA was the best technique for imaging of the proximal crural
arteries (95% vs. 91%; p< 0.01). Neither the agreement nor the technical success rate was
influenced by the severity of PAD, that is, IC versus CLI.
Conclusion: The agreement between DUS and DSA was generally good, irrespective of the
severity of ischaemia. DUS performed better in the supragenicular arteries than in the infra-
genicular arteries. However, DUS compared favourably with DSA in both tibial vessels, partic-
ularly in the distal part, which makes DUS a useful non-invasive alternative to DSA.
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508 J.P. Eiberg et al.Imaging of the lower limb arteries is essential for arterial
reconstruction in patients with peripheral arterial disease
(PAD). Although duplex ultrasound (DUS) has been available
for decades, digital subtraction arteriography (DSA)
remains a routine imaging technique used in most vascular
centres. DSA is invasive and carries a definite, albeit small,
risk of complications.1 Replacing DSA with a non-invasive
alternative will reduce contrast-induced nephrotoxicity,
patient discomfort and may also save costs.2e4
DUS has been successfully applied in patients with
PAD.4e8 Clinical studies have shown that the quality of DUS
depends on the user’s level of experience and that some
arterial segments may be visualised more readily than
others. We compared DUS and DSA in a small study and
found high and similar interobserver agreement with both
techniques.9 However, no systematic studies of interob-
server agreement and technical success rate of DUS have
yet been performed where the results of DUS are related to
the severity of PAD in a large group of patients. The aim of
the present prospective comparative study of DUS versus
DSA in PAD patients was therefore specifically to compare
the two techniques in terms of their reliability and their
feasibility in the imaging of separate arterial segments.
Materials and Methods
Patients
Patients admitted with lower limb ischaemia, scheduled for
arteriography as part of their treatment, were prospec-
tively enrolled into the study. During a 24-month period,
from August 2000 to August 2002, 530 patients had a DSA. A
total of 169 (32%) of these patients were prospectively
enrolled into the study. Enrolment was limited by the
availability of DUS equipment (only one daily DUS was
possible) and DUS examiner (all examinations were per-
formed by one person), the patient’s acceptance and
completion of DSA. If two or more patients were eligible on
the same day, the patient with the lowest ankle pressure
was chosen. Reasons for not participating in the study were
not systematically recorded. All patients suffered from
chronic lower limb ischaemia (Society of Vascular Surgery
(SVS)eInternational Society of Cardiovascular Surgery
(ISCVS)-category 3e6), 42 (25%) patients presented with
intermittent claudication (IC) and 127 (75%) patients had
critical limb ischaemia (CLI).10 In patients with bilateral
PAD, only the most symptomatic limb was assessed and
included in the study. If symptoms were similar, we
included the limb with the lowest ankle pressure. Only
genuine arteries were included. We therefore excluded
patients with previous infrainguinal reconstructions. The
demographic characteristics of the studied cohort are
presented in Table 1. The local ethical committee approved
the study (KF 01-197/99) and informed consent was
obtained from all patients.
Duplex ultrasound scanning (DUS)
DUS was performed on the day before DSA. All exami-
nations were performed by the same vascular surgeon
(JPE), who is an experienced DUS operator. All limbs
were scanned from the common femoral artery to thepedal arteries using a colour ultrasound system and a 7.5-
MHz linear-array transducer (Siemens, Elegra, Issaquah,
WA, USA). All patients rested for 15 min before the
examination. The femoral and anterior tibial arteries
were examined with the patient in the supine position,
whereas the popliteal, the peroneal and the posterior
tibial arteries were examined with the patient in lateral
decubitus position. Arterial segments were identified
upon detection of a colour signal or, if the artery was
occluded, by the identification of a vessel wall accom-
panied by a vein two veins in the calf. The following
features were used to diagnose occlusion: segmental loss
of signal in the insonated vessel, dampened distal signal
compared with the proximal signal and proximal exit
collaterals as well as distal re-entry collaterals. If it was
impossible to detect a colour signal or to identify a vessel
wall due to inadequate insonation, DUS was classified as
non-diagnostic for that particular vessel segment. Flow-
evelocity measurements were performed by means of
spectral analysis when the colour image suggested
a velocity increase or turbulence, or when the B-mode
image suggested a diameter change. All velocities were
determined in the centre of the vessels and the angle of
insonation was kept below 60. The peak systolic velocity
ratio (PSVr) was defined as the peak systolic velocity in
the stenosis divided by the peak systolic velocity just
proximal to the stenosis. All diagnostic segments were
classified according to diameter reduction <50% or 50%
based on a peak systolic velocity ratio <2 or 2,
respectively.11,12 The results of the examination were
stored digitally on the built-in magnetic optical system.
Results were recorded onto preformed diagrams of the
arterial tree.
Digital subtraction arteriography (DSA)
All DSA examinations were performed by two experienced
radiologists (MH or JBGR), who were both unaware of the
ultrasound findings. In all limbs, the vessels from the
distal aorta to the pedal arteries were visualised in one
of the two standard angiography suites (Integris 3000,
Phillips, Amsterdam, the Netherlands or Angiostar Plus,
Siemens, Munich, Germany) using Omnipaque
300 mg I ml1(Nycomed, Oslo, Norway). The ipsilateral
common femoral artery was punctured if a palpable
femoral pulse was present. After imaging of the iliac
arteries, the 5-F catheter (5-F Nylex catheter, Cordis
Corporation, Miami, FL, USA) was withdrawn to the
external iliac artery to visualise the infrainguinal vessels
of the diseased limb. In case of bilateral PAD, a standard
bolus chase DSA was performed. In the absence of
a palpable femoral pulse, the contralateral common
femoral artery was punctured and a 5-F Rim catheter
(Cook Inc., Bloomington, IN, USA) was passed over the
bifurcation to the ipsilateral iliac artery. All segments
were classified in accordance with the DUS protocol as
<50% diameter reduction or 50% diameter reduction,
including occlusions. Segments were classified as non-
diagnostic if neither the genuine vessel nor unnamed
collaterals could be visualised due to an inadequate
amount of contrast. The DSA results were recorded in
a diagram similar to the one used for the DUS
examination.
Table 1 Patient characteristics.
Number of patients 169
Median age (IQ-range), years 71 (62e77)
Male gender 106 (63%)
Ankle blood pressure (IQ-range), mmHg 60 (44e80)
Ankle-brachial index (IQ-range) 0.38 (0.30e0.53)
Symptoms Claudication< 300 m 42 (25%)
Rest pain 53 (31%)
Tissue loss 74 (44%)
Diabetes (type I and II) 51 (31%)
Renal insufficiency (creatinine> 150 mmol/l) 10 (6%)
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To allow double-blinded segment-to-segment comparison of
the two techniques, the arterial tree was divided into 15
segments; five supragenicular segments (common femoral,
deep femoral, proximal femoral, distal femoral andpopliteal
above the knee) and 10 infragenicular segments (popliteal
below the knee, tibio-peroneal trunk and the three crural
arteries: anterior tibial, posterior tibial and peroneal
artery), which were each divided into a proximal and distal
half and, finally, the dorsalis pedis and themost distal part of
the posterior tibial artery between themedial malleolus and
its division into the medial and lateral plantar arteries. The
technical success rate was defined as the proportion of
diagnostic segments to the number of segments examined.
Statistics
Agreement between DUS and DSA was assessed using kappa
(k) statistics. A k value of zero signifies no agreement beyond
chance and a k value of one signifies perfect agreement.13
The following interpretation of k was used: very good
agreement if k is >0.8, good agreement if k is between 0.80
and 0.61, moderate agreement if k is between 0.60 and 0.41,
fair agreement if k is between 0.40 and 0.21 and poor
agreement if k 0.2.14 Kappa agreement, sensitivity, spec-
ificity and negative and positive predictive values were
calculated by two-way contingency tables. All results were
presented with 95% confidence interval (95% CI) in brackets.
Differences between kappa agreement and proportions, for
example, technical success rate, were tested using the z-
test, and multiplicity was corrected for using the Bonferroni
adjustment and considered significant with a p-value below
0.05.14 Differences between the two results presented with
95% CIs (e.g., kappa agreement) could be considered signif-
icant at the level of 0.05 if the 95% CIs of the first result did
not overlap with the result of the second e hereby rejecting
the null hypothesis.14,15 Demographic data were presented
using median and range. Analyses were performed using the
confidence interval analysis (CIA) statistical software (CIA for
Windows ver. 2.0.0, University of Southampton, UK) and the
Statistical Package for the Social Science programme (SPSS)
15.0 statistical software (SPSS Inc., Chicago, IL, USA).
Results
Agreement between DUS and DSA
The overall agreement between DUS and DSA was good with
a kappa value of 0.67 (0.64e0.70) for the entire vasculartree. The agreement between DUS and DSA was good or
very good for the separate segments, except for the deep
femoral artery, the tibio-peroneal trunk, the peroneal
artery and the foot arteries (Fig. 1(A)). The best agreement
between DUS and DSA was found in the femoral artery
(kZ 0.81 (95% CI: 0.76e0.90)) and the poorest agreement
in the deep femoral artery (kZ 0.35 (0.12e0.57)). Agree-
ment was significantly better in the supragenicular
segments (kZ 0.75 (0.70e0.80)) than in the infragenicular
segments (kZ 0.63 (0.59e0.67)) (p< 0.001). Agreement,
sensitivity, specificity and positive and negative predictive
values are presented in Table 2.
The agreement between DUS and DSA in patients with
CLI (k Z 0.70 (0.66e0.73)) was not significantly different
from that achieved in patients with IC (k Z 0.63
(0.56e0.70)) (pZ 0.20) (Table 2).
Technical success
Among a total of 2535 included arterial segments in 169
legs, 2412 (95%) could be diagnosed with DUS and 2413
(95%) with DSA (Table 3). A total of 2309 (91%) segments
could be diagnosed with both DUS and DSA and 19 with
neither of the two techniques, which left 104 that could not
be diagnosed with DUS and 103 that could not be diagnosed
with DSA.
The technical success rate of both imaging modalities
was significantly higher in the supragenicular segments than
in the infragenicular segments; 100% (844/845) and 93%
(1569/1690) in DUS (p< 0.001) and 99% (839/845) and 93%
(1573/1690) (p< 0.001) in DSA (Table 3). The technical
success rate of DUS in the proximal calf segments was
significantly lower (92%) than the DUS success rate in the
more distal calf segments (97%) (p< 0.001) (Fig. 1(B)). The
opposite pattern was seen with DSA: 95% in the proximal
versus 91% in the distal calf segments (p< 0.01) (Fig. 1(C)).
The technical success rate of DUS was similar in patients
with IC and patients with CLI: 589/615 (96%) versus 1765/
1860 (95%) (pZ 0.31). By contrast, the technical success
rate of DSA was significantly lower in patients suffering
from IC 562/615 (91%) than in patients with CLI: 1790/1860
(96%) (p< 0.001).
Discussion
The present study identified, which lower limb arterial
segments could be reliably imaged and which could not,
which is an important concern when planning a distal
Figure 1 A: Agreement between duplex ultrasound (DUS) and digital subtraction arteriography (DSA) for each of the 15 arterial
segments. A dark green colour indicates very good agreement (k: 1.00e0.81); pale green indicates good agreement (k: 0.80e0.61);
yellow indicates moderate agreement (k: 0.60e0.41) and red indicates fair agreement (k: 0.40e0.21).14 B: Technical success rate
of DUS. C: Technical success rate of DSA. A dark green colour indicates a technical success rate 97%; pale green indicates
a technical success rate of 96e94%; yellow indicates a technical success rate of 93e91% and red indicates a technical success rate
<91%.
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arteries was significantly more challenging than DUS of the
supragenicular vessels. This confirms our recent results that
femoroepopliteal DUS may be learnt after only 15 super-
vised examinations, whereas it takes at least 100 super-
vised examinations to master DUS of the crural vessels.16
These results corroborate those of others, who found
better agreement with DUS in the supragenicular segments
(kZ 0.80e0.90)17,18 than in the infragenicular segments
(kZ 0.51e0.81).7,17,19e21
Interestingly, the present study demonstrates that the
peroneal artery is the vessel that is most difficult to visu-
alise. The agreement between DSA and DUS obtained in the
two tibial arteries matched that obtained in the popliteal
artery and came close to that obtained in the femoral
artery, which was the vessel where the best agreement
between the two techniques was obtained (Fig. 1(A)) The
moderate agreement between the two techniques in
imaging of the tibio-peroneal trunk and the peroneal artery
may not come as a surprise, as the deep anatomic positions
and small-vessel diameter may compromise insonation.Interestingly, the same segments, which caused problems
with DUS, also performed poorly with DSA, which allows us
to question the status of DSA as the gold standard.9
Agreement between DUS and DSA was also poor in the
deep femoral artery in spite of the fact that the technical
success rates with both DUS and DSA were >97%. Given the
size and superficial course of this vessel, it should be
relatively easy to insonate. One possible explanation for
the difficulties encountered could be that the definition of
a significant lesion on DUS is based on both anatomical (B-
mode imaging of the vessel wall) and haemodynamic
information (colour-flow and Doppler waveform analysis).
Moreover, DSA of the vessels in the groin was performed in
one plane only.
We demonstrated that the technical success rates were
highest proximal to the tibio-peroneal trunk, as illustrated
in Fig. 1(B) and (C). Visualisation of the clinically important
runoff arteries in the calf was associated with a reduced
technical success rate, which identifies two essential
weaknesses of both DUS and DSA: DUS of the proximal calf is
hampered by the deep course of the vessels (Fig. 1(B)) and
Table 2 Agreement according to level (supra-or infragenicular) and severity (IC or CLI) of disease.
Supragenicular
segments
nZ 845
Infragenicular
segments
nZ 1690
IC
nZ 615a
CLI
nZ 1860a
All segments
nZ 2535
Kappa 0.75(0.70e0.80) 0.63(0.59e0.67) p < 0.0001 0.63(0.56e0.70) 0.70(0.66e0.73) ns 0.67(0.64e0.70)
Sensitivity 0.88(0.85e0.91) 0.88(0.85e0.90) ns 0.88(0.85e0.91) 0.87(0.85e0.89) ns 0.88(0.86e0.89)
Specificity 0.88(0.84e0.91) 0.75(0.71e0.78) p < 0.0001 0.75(0.68e0.80) 0.82(0.79e0.85) p < 0.01 0.79(0.77e0.82)
PPV 0.93(0.90e0.95) 0.83(0.81e0.86) p < 0.01 0.87(0.83e0.90) 0.86(0.84e0.88) ns 0.87(0.85e0.88)
NPV 0.81 (0.77e0.85) 0.81(0.77e0.84) ns 0.77(0.70e0.82) 0.84(0.81e0.86) p < 0.01 0.81(0.78e0.84)
IC: intermittent claudication, CLI: critical limb ischaemia. 95% confidence interval in brackets.
a data on symptoms are missing in 4 patientsZ 60 segments.
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(Fig. 1(C)). In a clinical context, DUS may prove most useful
in preparation for a distal bypass if one of the tibial arteries
appears suitable and runoff in the foot can be visualised.
On the other hand, if runoff depends on the peroneal artery
only, DSA should be preferred. Moreover, DUS may visualise
distal arteries suitable for limb-saving bypass surgery in
approximately 10% of cases in which DSA could not
demonstrate a suitable runoff.22,23
Intuitively, one would expect that compared to patients
with IC, patients with CLI would be the most difficult to
insonate due to multi-segmental disease and low arterial
flow as well as more diseased arterial segments. However,
neither agreement nor technical success rate with DUS was
reduced in patients with CLI as compared with patients
with IC.
The two different imaging modalities may be compared
on a segment-to-segment basis.18,20 However, a clinically
more relevant set-up would be to compare the therapeutic
strategies based on the different imaging modal-
ities.17,20,24e26 Collins et al. warned that segment-to-
segment comparison may increase the number of true
negative-test results and thus overestimate the specificity.
On the other hand, diagnostic strategies are subjective and
the results may be difficult to implement.27
A major limitation when introducing DUS for preopera-
tive imaging is that it requires the participation of highly
experienced technicianseespecially for the visualisation of
the infragenicular arteries.16 However, as DUS has become
a widespread imaging modality, experienced technicians
become increasingly availableewhich happened when
magnetic resonance angiography (MRA) or computed
tomography angiography (CTA) were introduced. Another
obstacle is related to the fact that some surgeons are
uncomfortable without the printed DSA images at handTable 3 Technical success rate according to level (supra- or in
claudication (IC) and critical limb ischaemia (CLI)).
Supragenicular
segments
Infragenicular
segments
Technical
success-
rate
DUS 100% (844) 93% (1569) p < 0.0
DSA 99% (839) 93% (1573) p < 0.0before and during the operation.28 In addition, even in the
most experienced centres, 5e20% of the patients are
impossible to insonate sufficiently due to ulcers, oedema,
pain, heavy arterial calcification and obesity.8 Some
reservations towards DUS may be met by establishing
appropriate quality assurance, for instance, by having the
first 50 examinations of every technologist confirmed by
another imaging modality or by a more experienced tech-
nologist.8,16 Repeated quality control and an experienced
staff should ensure that the results of this study, performed
by a single operator, could be reproduced by the other
vascular technologist at the department.
In patients with claudication, physicians performing DSA
tend to focus on the aorto-iliac and femoroepopliteal
segments as intervention on the runoff arteries is rare. This
gives rise to an inaccurate visualisation of the runoff, which
could represent a problem in this study and could possibly
explain the demonstrated reduced technical success rate in
patients with IC as compared with patients with CLI.
This study was undertaken between 2000 and 2002. One
could rightly speculate if the technical developments in
DSA and DUS would change the findings of this study if it
were to be repeated today. In contrast to the start of this
decade, most vascular ultrasound systems today available
are equipped with high-frequency and broadband trans-
ducers as well as imaging optimising software. The second
generation of ultrasound contrast agents is available and its
role in arterial imaging is only sparsely investigated.
The time required for a complete DUS examination of
one limb was not recorded systematically. In the present
study, approximately 45 min were required and this time
consumption is comparable with the time used for a diag-
nostic DSA.9 In many cases, DUS can be streamlined and
shortened to approximately 20 min and it could thus be part
of the clinical assessment in the outpatient clinic.26fragenicular) and severity (IC or CLI) of disease (intermittent
IC CLI All segments
01 96% (589) 95% (1765) ns 95% (2413)
01 91% (562) 96% (1790) p < 0.001 95% (2412)
512 J.P. Eiberg et al.In conclusion, irrespective of the degree of ischaemia,
most arterial segments of the lower limb may be visualised
adequately using DUS, in particular, the two tibial arteries.
However, some segments are difficult to visualise and the
results are not fully reliable. Still, the results presented in this
article provide specific knowledge about how segments lend
themselves to imaging thatmaybeofuse to thedeploymentof
DUS in the clinic when planning treatment of PAD.
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